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As we saw in Part 1 in the last issue, the challenges and opportunities presented by production epitaxy are being 
addressed by 150 mm wafer capable systems from several vendors. However, they cannot work the miracle 
on their own. Substrate availability will be crucial in fulfilling the great potential of today’s GaAs device market 
via appropriately priced devices in an increasingly competitive business. In Part 2 we cover other aspects of 
production epi-wafer companies, equipment and device houses, but with the focus still on substrate supply. 
G aAs is now in high-volume manufacturing but under pressure to reduce compo- 
nent costs. To do this it must im- 
prove throughput and yield. The 
latest weapon is the 150 mm sub- 
strate, coupled with high-through- 
put process equipment. However, 
these have been around for just a 
few years and are only now com- 
ing to commercial fruition. 
Moreover, there is some doubt as 
to whether GaAs substrate suppli- 
ers can meet the expected large 
demand. 
The general consensus is that 
several substrate companies have 
already sold out their entire capaci- 
ty for the rest of the year and are 
having to expand as fast as possi- 
ble. However, substrate production 
is not something that can be 
turned on and off like a tap: it will 
take many months for this extra ca- 
pacity to take effect. 
The degree to which device 
and epi-wafer companies are plac- 
ing orders is indicative of the ex- 
plosion of interest in GaAs devices. 
Strong market pull from such 
burgeoning sectors as cellular 
AXT’s 7270m2 production facility in 
Fremont, CA, USA. 
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communications and digital DBS 
TV are creating unprecedented de- 
mand for devices, and in turn for 
source materials and equipment. 
However, there is also the suspi- 
cion that some customers are 
prone to over-ordering. Normally 
substrates are ordered in regular 
batches a few thousand at a time, 
but recently orders have been in- 
creasing in size and frequency 
There is therefore a suspicion that 
some companies could be buying 
up capacity (i.e. stock-piling) to 
avoid a perceived future shortfall. 
Generally, capacity is not 
added until demand is seen to be 
genuine. Harsh historical lessons 
have shown the folly of banking 
on orders that turn out to be 
ephemeraLToday, however, the or- 
ders have a much firmer founda- 
tion. As a result the substrate 
makers are placing orders for ad- 
ditional equipment and expand- 
ing their facilities. 
Substrate expansion 
Several leading suppliers of SI 
GaAs substrates have already got 
big plans for bigger wafers. In 
Japan, Hitachi Cable is implement- 
ing full 150 mm manufacturing in 
volume, continuing the second 
phase of an expansion that in- 
cludes a new three-storey factory 
Construction was completed in 
August 1999, giving it 13,500 m* of 
cleanroom area for the manufac- 
ture of larger-diameter Liquid 
Encapsulated CzochraIski (LEC) 
substrates. Production is expected 
to rise from 20,000 wafers per 
month to as much as 30,000 wpm. 
Moreover, Hitachi Cable has 
seen 150 mm epiwafers as good as 
those grown on 100 mm sub 
strates: since no particular prob- 
lems were found in maintaining 
high throughput, the calculated 
production cost per unit area is 
more cost effective than the 100 
mm wafer.These results show that 
the large-size epiwafers are ready 
for mass production. 
In the USA, AXT has come up 
with one of the more original ex- 
pansion plans. Since the beginning 
of this year, AXT has been experi- 
encing pressing demand for 
Vertical Grade Freeze (VGF) low- 
EPD GaAs substrates as customers 
have been substantially increasing 
ordering patterns to match device 
demand. Aimed at relieving near- 
term industry shortage (particular- 
ly for 150 mm substrates), in May 
AXT announced its plan to approx- 
imately triple GaAs substrate ca- 
pacity by the end of Q3/200 1. This 
not only includes a capacity expan- 
sion at AXT’s primary substrate 
production facility in Fremont (by 
another 1820 m* this year) but also 
a brand new 5640 m* GaAs sub- 
strate production facility in Beijing, 
People’s Republic of China (with 
additional buildings acquired 
pending a further increase to 
14,550 m* by end-Q3/2001). 
By manufacturing some of its 
substrates in China, AXT says it 
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expects it will be able to costeffec- 
tively meet customer’s demand, as 
well as offering a second-source pro- 
duction facility Quality is good and 
production will be increased over 
the next 12 months. AXT 
plans to significantly increase 
150 mm capacity from 4-6,OOO wpm 
early 2000 to 1 l-12,000 wpm by the 
end of this year and more than 
20,000 wpm early 2001. 
Compared to LEC, AXT says 
VGF requires less capital invest- 
ment and ramp-up time. 
Nevertheless, like everyone else, 
AXT has been encountering the 
usual frustrations such as con- 
struction permits, power installa- 
tion, shortage of source materials, 
and lead-time on processing com- 
ponents and equipment, and em- 
ployee training. 
In Europe, Freiberger 
Compound Materials is construct- 
ing a new production facility in 
Freiberg, Germany with a big em- 
phasis on 150 mm semi-insulating 
(SI) LEC wafers. US$SOm has been 
invested in “Fab 2” as the first stage 
of a bigger project with planned 
funding up to US$155m overall 
(depending on market demand). 
In the interim, suppliers are 
having to implement other plans 
to respond to the increased 
demand for 150 mm substrates. 
These include shifting manufac- 
turing output away from smaller 
diameters to larger (and higher 
value) wafers. Besides, 50 mm 
pullers should have more than 
paid back on initial investment. 
This has historical precedent: 
FCM and Sumitomo Electric 
Industries ceased manufacture of 
certain types of near-obsolete 
50 mm wafers a few years ago to 
concentrate on lines such as 
100 mm LEC SI GaAs, although 
this led in certain cases to some 
customer dissatisfaction from the 
few remaining users, 
Today the industry is going 
through another period of realign- 
ment, and moves to boost 150 mm 
output will inevitably lead to 
shortages in other diameters. 
VGF versus LEC transmission x-ray topographs of SI GaAs (courtesy of AX7J 
Moreover, in some cases the lack 
of 150 mm has led to increased or- 
ders for 100 mm, creating a short- 
age here too. 
Like those device makers wish- 
ing to boost their device output 
and finding it difficult to buy 
enough equipment, substrate mak- 
ers are also experiencing longer 
lead-times for crystal growth and 
finishing equipment. Pullers, saws 
and polishers are all on longer de- 
livery times because it is also tak- 
ing time for the equipment supply 
industry to gear up. 
Substrate pricing 
_ 
issues 
Another feeling is that 150 mm 
prices may have already “shaken 
down” before suppliers have made 
any money, e.g. LEC SI GaAs sub- 
strates are already down to around 
US$400. However, the price is 
now said to be nearer US$450 and 
may climb to US$500 by yearend. 
For once, the size of the order and 
its effect on unit price (US$/sq. 
in.) may be having less effect than 
usual. 
As one respondent noted, “at 
these prices they’re not covering 
the cost of the source materials” 
(As and Ga). Ga prices have begun 
to show signs of rising slightly, but 
so far there is said to be no short- 
age. 
It should also be said that, al- 
though a number of companies 
specialise exclusively in SI GaAs 
substrate supply, many supply 
semiconducting substrates for op- 
to device manufacture, and this 
sector is also undergoing rapid 
market growth. 
Substrate specifications are also 
less of an issue.There used to be al- 
most one per customer but now de- 
mand has created a situation where 
customers are less particular. This 
can only be good for an industry 
that for too long has been troubled 
by a multiplicity of specifications. 
The customer 
viewpoint 
Progress among 150 mm fab trail- 
blazers is impressive. It looks like- 
ly that collectively they will 
outstrip supply. However, new 
fabs such as WIN Semiconductor 
in Taiwan and epi houses intend- 
ing to offer 150 mm products 
might have problems getting sub- 
strates, as well as delivery time for 
epi equipment. 
Western device manufacturers 
having, or soon-to-have, 150 mm 
processes include Vitesse, 
ANADIGICS, TriQuint, Motorola 
and M/A-Corn in North America; in 
Europe Intineon was one of the 
first, and Filtronic and Caswell 
Technology Ltd are gearing 
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loomm GaAs Results 
~hii = 403 A 3.5A (0.85%) 
Range= tiA 
15Omm GaAs Results 
Thickness = 390 * 3.0A (0.79%) 
Range = 12A 
Across-wafer maps from Motorola showing similar uniformities on 150 mm wafers as 100 
mm production for a critical 4OOA silicon nitride ion implant screen dielectric. 
up fast. CTL has opted for the 
75-150 mm transition rather than 
going via 100 mm, still the domi- 
nant wafer size for most electronic 
(not opto) devices. So far, compa- 
rable fab upgrades by key 
Japanese device makers are un- 
known, but we can be sure that 
they are planning announcements. 
In the USA, Vitesse has always 
been a pioneer, and 150 mm is no 
exception. However, the digital IC 
supplier is committed to ion im- 
plantation, with presently no use for 
epi-wafer manufacturing. It was one 
of the first to announce plans to use 
150 mm substrates. Its need was 
greater than a power amplifier sup- 
plier, for example, since digital die 
size can grow in area: in contrast to 
MMICs, die size creep is a driver in 
the move towards larger wafers. 
But for many others gearing up 
150 mm plants, epi plays an 
increasing role. For example, 
TriQuint Semiconductor continues 
to use only MBE-based epi for 
some of its processes - most of its 
processes at the Oregon fab that 
are going to 150 mm are ion-im- 
plant based. TriQuint says its sup- 
pliers are preparing for its orders 
since TriQuint is yet not on-line 
with 150 mm; production will 
ramp in Q4/2000-Q1/2001. 
Over the past 18 months M/A- 
Corn has substantially expanded its 
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GaAs fab capacity (by 400%) and is 
adding a high-volume 150 mm line. 
This expansion will represent a 
100% increase over current capacity 
During MIT-S in Boston, 
Motorola announced that the con- 
version of its CS-1 fab to 150 mm 
GaAs had been completed, three 
months ahead of schedule. 
Motorola has converted all of its 
manufacturing technology (im- 
plant and epi) to 150 mm so will 
no longer be making any new 
100 mm wafer starts. Motorola 
reckoned that going to 150 mm 
was the better route than adding 
existing 100 mm capacity or a new 
fab. For 2000 wafers/week, going 
from 100 to 150 mm costs under 
US$150m and more than doubles 
capacity; whereas to double up a 
100 mm fab it would cost over 
US$75m. 
This expansion is the result of 
a multi-year agreement for 
M/A-COM to use existing capacity 
and equipment at Sanders’ 
Microelectronics Center in 
Nashua, NH, USA. The facility and 
equipment will be modified to 
meet M/A-COM’s unique process 
needs, dramatically reducing the 
time to bring the 150 mm line to 
full operation. M/A-COM will 
Proceeding with a three-phase 
route, Motorola has shown that RF 
results for 100 and 150 mm 
implant devices are “identical”. Epi 
results are equally encouraging. 
Circuit probe yields for the first lot 
of 3 V PAS were >95%. Moreover, 
initial customer evaluation of 
finished MMICs showed no differ- 
ences between devices made using 
100 and 150 mm substrates. 
These are the views of the 
device manufacturers, but what of 
the epiwafer vendors? 
Electrical parameter Standard 100 mm Cored 100 mm 
manufacture MMICs on 150 mm 
wafers for wireless telecoms. 
Table: Electrical comparison of standard 100 mm GaAs boules to 12 cored 150 mm GaAs 
boules (some cored off-axis to sample across-wafer uniformity) from four manufacturers on 
Motorola’s triple V,, mixed-mode RF IC process. 
Power threshold voltage (V) -2.514 * 0.056 
Power drain saturation current 252.9 f 5.25 
(&mm) 
Power drain-gate breakdown voltage (V) 20.9 f 2.1 
Depletion threshold voltage (V) -0.504 f 0.028 
Depletion drain saturation current 57.3 f 4.2 
(mMn-@ 
Depletion drain-gate breakdown 10.1 f 0.8 
voltage (V) 
Enhancement threshold voltage (V) +0.241 f 0.013 
Enhancement drain saturation current 68.9 f 3.1 
(~nnn) 
Enhancement drain-gate breakdown 12.2 f 0.6 
voltage (V) 
N+ sheet resistance (Q&q.) 233 f 8.0 
Ohmic contact resistance (!&mm) 0.130 f 0.007 
-2.495 zt 0.043 
250.6 +c 4.39 
21.2 f 1.7 
-0.508 f 0.028 
57.2 zt 4.6 
9.9 f 0.6 
+0.235 f 0.08 1 
68.4 f 3.6 
12.1 f 0.5 
229 f 9.0 
0.130 f 0.008 
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Epiwafering 
IQE - a “pure play” epiwafer suppli- 
er formed by the merger of 
MOCVD-based EPI and MBE-based 
QED for both opto- and microelec- 
tronic wafers - has just formally 
opened its new HQ in Cardiff, and 
150 mm plays a key role in its 
plans. IQE is rapidly ramping up 
production capacity for MOCVD 
wafers with the delivery and com- 
missioning over the summer of 
four additional AIXTRON AIX 
260063 systems. IQE sees a major 
shift to 150 mm capable foundries 
over the next 2-3 years for greater 
economies of scale to reduce unit 
costs and increase throughput. In 
turn their competitors have had to 
upgrade too. IQE’s aggressive 
150 mm epiwafer expansion plan 
means that by early 2001 it 
will be able to draw on seven mul- 
ti-150 mm MOCVD and 10 multi- 
150 mm MBE systems - triple the 
150 mm epi-wafer throughput of 
its nearest competitor, IQE claims. 
Kopin Corp is focused on capaci- 
ty expansion at both its HQ in 
Taunton, USA and at its new second 
fab. It has ordered a further six AIX- 
TRON multi-wafer MOCVD systems, 
enabling it to increase 100 mm HBT 
epi-wafer capacity by more than 30% 
(to 400,000 wafers per year) and 150 
mm capacity by more than 60% (to 
200,000 wafers per year). 
ATM& III-V Division Services 
Business (formerly Epitronics) in 
Phoenix, AZ, USA has a multi-step 
expansion plan underway for both 
silicon and III-V which can already 
handle more than 100,000 wpm. It 
is already producing HBT devices 
valued for digital communications, 
and has had to add more AIXTRON 
MOCVD capacity to respond to de- 
mand (recently winning Raytheon 
RF Components’ business). 
Wafer pricing 
In the short term, wafer prices 
may stabilise. However, at the mo- 
ment it is not clear if all 
the 150 mm demand is real. 
Respondents were saying it is 
therefore difficult to precisely as- 
sess how large potential shortage 
may become. 
Device manufacturers are striv- 
ing to reduce die costThere are sev- 
eral ways to achieve this, but going 
to 150 mm seems to be the most 
popular approach. Another synergis 
tic route is to move to structures giv- 
ing better yields (lowering die cost 
and immune to the vagaries of 
wafer cost). 
Overall substrate and epi-wafer 
prices will likely follow a down- 
ward trend. However, there may be 
pauses along the way based on 
availability and other market fac- 
tors. Industry observers do not en- 
vision any long-term “squeeze” 
where epi-wafer providers are 
caught between rising substrate 
costs and lower customer prices. 
Basically, higher die yield 
translates to lower wafer when 
the volume is static. However, 
lower-cost GaAs die should en- 
able suppliers to penetrate new 
markets, driving up volumes. 
Also, newer applications are de- 
manding greater functionality, 
perhaps offsetting any die 
shrinks. As a result of this mix 
there may be periodic slow- 
downs, but overall the volume 
trend is strongly positive. 
GaAs vs silicon 
In the longer term, the 150 mm 
market looks likely to go ballistic 
then freefall as supply outstrips de- 
mand. The familiar asynchronous 
supply-and-demand scenario looks 
set to be reenacted for 150 mm 
just as it was for its predecessors. 
Inevitably the market will swing 
like a pendulum from shortage to 
surplus in an ever-shorter cycle. 
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Substrate Pricing 1999-2004 (US$ / sq. in) 
1999 2000 2001 2002 2003 2004 
1 - 2-in 1 
Provisional data taken from forthcoming GaAs Electronic Materials & Devices report (pub- 
lished by Elsevier Advanced Technology) showing possible trends in SI GaAs substrate pric- 
ing. As demand increases, the price for 150 mm is likely to climb from the initial low price 
while other sizes show steady decrease. By 2004 150 mm should have achieved the lowest 
price while supplies of obsolescent sizes (i.e. 50 mm and 75 mm) have steadily climbed. 
Prices represent volume orders. 
Hopefully along the way many substrate such as silicon. By mov- 
things will be learned and some ing to 300 mm silicon enormous 
people can make some profit, cru- area advantages would be accrued. 
cial to the development of the next However, before that can hap 
larger diameter GaAs wafer. pen several obstacles have to be 
One option is to hetero-epitaxi- overcome. Not the least of these 
ally grow GaAs on another is that silicon is having its own 
problems with supply and demand. 
Curiously, it looks as if silicon is 
about to experience a shortage of 
its own. As GaAs moves to 150 mm, 
silicon is confronting the challenges 
of 300 mm wafers. Wacker’s 
Siltronic division (a former LEC 
GaAs supplier but now one of the 
world’s leading silicon suppliers) is 
warning of an imminent shortage of 
200 mm substrates. Demand is 
growing at over 10% and Wacker is 
not alone in reporting being near 
the capacity limit, despite currently 
shipping 400,000 wpm and adding 
capacity by 20% from a new fab in 
Singapore. The shortage is not re- 
stricted to the 200 mm wafer, with 
supplies of 125 and 150 mm also 
getting short. 
So, for the moment GaAs must 
continue to learn from silicon in 
how to conquer high-volume 
manufacturing of electronic de- 
vices, while at the same time 
keeping a wary eye on its 
encroachment in the lower giga- 
hertz frequencies. 
WHAT WILL ‘You PUT IN YOUR PERFORMANCE MATERIALS? 
At Performance Materials, we put everything we’ve got into our 
technical ceramics, so you can put your trust in them. 
??24-hour turnaround on stock orders. 
??Custom designs of PerformancePBN’” in as little as 3 weeks. 
??PerformanceSiC’” products of silicon carbide. 
g any day, any hour. 
For more, talk to the experts 
in chemical vapor deposition: 
Performance Materials. 
Perfomance Materials, Inc. 
A material advantage. 
4 Park Avenue 
Hudson 
New Hampshire 03051 U.S.A. 
603-598-9122 
fax 603-598-9126 
info@performancematerial.com www.performancematerial.com 
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